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[57] ABSTRACT 
A method for percutaneous sealing of punctures in 
arterial and venous blood vessels is provided. After 
catheterization of any vessel or organ for diagnostic or 
interventional procedures or endoscopic or orthopedic 
procedures involving the intentional puncture and pen- 
etration of a vessel wall, or the accidental puncture of a 
vessel wall, separate solutions containing fibrinogen and 
thrombin, respectively, are introduced into the tissue 
surrounding the puncture site. The solutions are al- 
lowed to mix forming a semisolid gel at the time of 
application at the puncture site. The gel further hardens 
around the site to seal the puncture closed preventing 
the leakage of blood. Solutions of antibiotics and epi- 
nephrine as well as agents that slow clot breakdown 
may be included in the mixture. An apparatus for ac- 
complishing the method is also disclosed. 

17 Claims, 3 Drawing Sheets 
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tion, various precautions must be taken, including pre- 
cise measuring of the distance from the skin surface to 
the vessel, the use of specially designed oversized appli- 

_ . „„ _ cator devices and plug diameters to prevent passage 

BACKGROUND OF THE INVENTION 5 through the puncture site and entry into the vessel. 

The present invention is directed to methods for stop- Moreover, the typical prior art device serves to seal 
ping the leakage of blood from punctures in blood ves- onIv a single puncture at a single site upon the vessel 
sels, arterial and venous vessel walls, such as which whereas often two punctures may be created such as 
occur during diagnostic and interventional cardiac and would result when an instrument punctures the vessel 
peripheral catheterizations and vascular, endoscopic 10 wall and travels to and through the vessel wall opposite 
and orthopedic surgical procedures through induced the initial puncture site. Prior art devices, such as 
hemostasis. " VASOSEAL seal only a single puncture at a time ne- 

The control of bleeding during and after surgical cessitating repeated procedures, 
procedures is a critical undertaking, especially if the It is an object of the present invention to provide a 
procedure is performed directly upon or involves the 15 method for applying a sealant directly to the external 
patient's arteries and veins. In particular, well over one wall of an arterial or venous puncture site, 
million surgical procedures are performed annually It is a further object of the present invention to pro- 
which involve the insertion and removal of catheters vide a simplified method for stopping the flow of blood 

W^iwr arte T S V 1 nS - I,? 6 in T n !° n ° f 3 20 fr0m a puncture site b * sealin S a P uncture * a blood 
typical catheter creates a puncture through the vessel 20 V£Sse] jn a fflanner wMch does compression 

wall and upon remo val of the catheter leaves a puncture or ligation for extended riods of ^ P 
opening through wh.ch blood may escape and leak into It is mother object J the t inventjon 

Sdre^ videamethodforachievin g suchhemostasisLser g 
^^^ST.t^SZ^t^ 25 «> number of special app a S 

Szkisss me ^T ther M bject of tion is -^ provide - a 

clinical complications may result leading to increased P** 1 ** 1 ™ achieving such hemostasis without requir- 

hospital stays with the associated costs. m§ . msert,on of an y prosthesis or apparatus into the 

The control of post-operative leakage of blood from 30 mtenor of the vessel Itself > or presenting any risk of 

the puncture site has been accomplished in the past in a '"advertent blockage of the vessel through the intro- 

variety of ways. The most common practice involves ductI0n of a foreign body into the vessel interior, 

application of manual compression directly over the Another object of the present invention is to provide 

puncture site to slow the blood flow and help hold the 3,1 apparatus and method capable of sealing two or 

puncture closed while natural non-induced clot forma- 35 more vessel punctures at a time without requiring multi- 

tion processes take place. However, compression alone P le procedures. 

can be time consuming, in some cases requiring applica- Yet anotne r object of the present invention is to pro- 

tion of continuous compression on the order of 60-90 vide m a PP a ratus for accomplishing the hemostasis 

minutes, and in some instances may require extension of usin S the method described. 

the patient's stay in hospital. Of course, excessive re- 40 These and other objects of the invention will become 

striction or interruption of blood flow is undesirable and apparent in light of the present specification, claims and 

is to be generally avoided given the risk that undesirable drawings. 

TSfbl^LTltroUing devices (hemostats) SUMMARY OF THE INVENTION 

have been developed which, although shortening the 45 The present invention comprises a method for ac- 

time required to achieve control (hemostasis), still are complishing hemostasis and sealing of a blood vessel 

time consuming, and can be unnecessarily complicated, having a puncture site therein, the puncture site having 

with regard to either the procedures or equipment re- been created during a diagnostic and interventional 

quired. Some devices, such as disclosed in Kensey, U.S. endovascular surgical procedure. Typically, a substan- 

Pat. No. 4,744,364, involve the insertion into the arterial 50 tially tubular delivery device is inserted into a patient to 

or venous vessel of an expandable, biodegradable mem- a position adjacent a blood vessel, and a surgical device 

ber which, when deployed, acts to seal the vessel from is inserted into the delivery device and into the blood 

the inside out. Such devices, however, can have the vessel, such as the introduction and subsequent with- 

effect of partially impeding or slowing the flow of drawal of a catheter into an artery, 

blood in the vessel leading to undesirable complications. 55 In particular, the method comprises the steps of: 

Another prior art technique for achieving stopping preparing a supply of a first solution containing fi- 

the leakage of blood is to place a degradable plug di- brinogen; 

rectly into the puncture opening, such as a biodegrad- placing said fibrinogen-containing solution in a first 

able collagen plug. Such a procedure is described in the syringe apparatus; 

article "Immediate Sealing of Arterial Puncture Sites 60 preparing a supply of a second solution containing 

after Cardiac Catheterization and Coronary Angio- thrombin; 

plasty Using a Biodegradable Collagen Plug: Results of placing said thrombin-containing solution in a second 

an International Registry" in the Journal of the Ameri- syringe apparatus; 

can College of Cardiology, Vol. 21, No. 4, pp. 851-55. applying occlusive compression to the blood vessel at 

However, as acknowledged in that article, there is a 65 a position upstream of the puncture site; 

potential for the inadvertent insertion of the collagen withdrawing the surgical device from the delivery 

plug into the lumen of blood vessel, which could be device, while keeping the delivery device in its position 

hazardous to the patient. In order to avoid such inser- adjacent the blood vessel; 
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releasing the occlusive compression for a brief period physiology studies as well as in patients with congenital 
of time to enable the puncture site to release an amount heart disease and those undergoing dialysis and proce- 

of blood into the tissue surrounding the puncture site, dures relating to percutaneous extracorporeal circula- 

sufficient to surround the immediate vicinity of the tion. The present invention may be used in both adults 

puncture site, and thereafter reapplying the occlusive 5 and children independent of the age of the vessel to be 

compression to stop release of blood from the puncture sealed. 

'"connecting the first and second syringe apparatus in BRIEF DESCRIPTION OF THE DRAWINGS 

simultaneous fluid communication with a mixing region FIG. 1 is a fragmentary sectional view of a blood 

and thereafter the delivery device so as to enable mixing 10 vessel undergoing a surgical procedure involving cathe- 

of the fibrinogen and thrombin solutions prior to arrival terization; 

at the puncture site; and FIG. 2 is a fragmentary sectional view of the blood 

actuating the first and second syringe apparatus so as vessel according to FIG. 1, in which the catheter and 

to substantially simultaneously introduce the fibrino- occlusive upstream pressure have been removed; 

gen- and thrombin-containing solutions into the mixing 15 FIG. 3 is fragmentary sectional view of the blood 

region and thereafter into the delivery device, and into vessel according to FIG. 1, while the sealant solutions 

the tissue of the patient adjacent to the puncture site, but are being introduced. 

not into the blood vessel, so as to enable the mixed FIG. 4 is a fragmentary sectional view of the blood 

solutions to form a gel and thereafter substantially solid- vessel according to FIG. 1, showing an alternative addi- 

ify around the puncture site, forming a fibrin matrix, to 20 tional step of inserting an inflatable balloon into the 

seal the puncture site against further release of blood. delivery catheter; 

As an option, after the actuation of the first and sec- FIG. S is a fragmentary sectional view of the blood 

ond syringe apparatus to introduce the solutions into vessel according to FIG. 4, showing the inflation of the 

the delivery device, a deflated, liquid-filled balloon balloon; 

apparatus is introduced into and through the delivery 25 FIG. 6 is a fragmentary sectional view of the blood 
device, so as to position the balloon against the blood vessel according to FIG. 1, showing the formation of 
vessel adjacent to the puncture site, prior to solidifica- the fibrin matrix around the puncture site; 
tion of the gel formed from the mixed solutions. The FIG. 7 is a schematic sectional view showing one 
balloon is thereafter inflated to press against the blood embodiment of the combined syringe apparatus accord- 
vessel, and prompt closure of the puncture site and 30 ing to the present invention; 

affixation of the gel to the vessel exterior proximate the FIGS. 8a and 86 are schematic sectional views show- 
puncture site. ing another embodiment of the combined syringe appa- 

Preferably, a sufficient amount of fibrinogen is used, ratus according to the present invention; 

to obtain a concentration of fibrinogen in the reagent, of FIG. 9 is an enlarged sectional view of the extreme 

approximately 2.0-15.0 mg/ml. Likewise, a sufficient 35 tip of the delivery catheter according to the present 

amount of thrombin is used, to obtain a concentration of invention; and 

thrombin in the reagent, of approximately 10-500 Inter- FIGS. 10c and 106 are schematic sectional views of a 

national Units/ml. still further embodiment of the combined syringe appa- 

The method for accomplishing hemostasis and seal- ratus according to the present invention, 

ing of a blood vessel may further include the step of 40 „™ . 

adding calcium to one or more of the thrombin and DETAILED DESCRIPTION OF THE 

fibrinogen solutions. Factor XIII may also be added to DRAWINGS 

one or more of the thrombin and fibrinogen solutions, to While this invention is susceptible of embodiment in 

strengthen the fibrin matrix to be formed. many different forms, there is shown in the drawings 

One or more of the following compounds may also be 45 and will be described herein in detail, several embodi- 

added to one or more of the thrombin and fibrinogen ments, with the understanding that the present disclo- 

solutions, to prevent or slow the reabsorption of the sure is to be considered as an exemplification of the 

fibrin matrix: epsilon aminocaproic acid, aminohexanoic principles of the invention and is not intended to limit 

acid, aprotinin. the invention to the embodiments illustrated. 

Additionally, a solution of epinephrine may be in- 50 FIG. 1 schematically shows a puncture site, at a stage 
eluded with the thrombin and fibrinogen solutions so as in a surgical procedure when a surgical apparatus, such 
to be contained within the gel and applied to the punc- as catheter 15, is still in position in blood vessel 17, and 
ture site. Epinephrine serves as a vascular constrictor is insertingly received within delivery catheter 19. De- 
and temporarily causes the vessel at the puncture site to livery catheter 19 passes through the patient's skin 21, 
constrict thereby serving to close the puncture site and 55 and is positioned in tissue 23, adjacent to puncture site 
assist the gel mixture to seal the puncture. The applica- 25, but does not enter and preferably does not contact 
tion of epinephrine provides an additional safety factor blood vessel 17. Typically, a guide wire and ultrasound 
in that by further closing the puncture site via constric- depth detector are used to properly position the dela- 
tion of the vessel itself, foreign material is further pre- ery catheter. In practice, catheter 17 may have a diame- 
vented from entering into the vessel lumen. 60 ter of 4 French (1 French equals | mm), while delivery 

In addition to having application in sealing puncture catheter 19 may have a diameter of 5 French. During 

sites associated with cardiac and vascular catheteriza- the surgical procedure, occlusive pressure is applied, by 

tion procedures, the present invention is deemed useful any of several conventional means, to vessel 17 at a 

and applicable to interventional radiology, cardiac pro- position 27, which is upstream of puncture site 25. Dur- 

cedures including atherectomies, stent implantation, 65 ing the application of such occlusive pressure, flow of 

rotablators, thrombolysis therapy, laser angioplasty, blood through vessel 17 is effectively stopped, and the 

valvuloplasty, aortic prosthesis implantation, intraortic pressure in vessel 17 may be as low as 0 mm Hg, 

balloon pumps, pacemaker implantation and electro- whereas normal pressure in a non-occluded artery is 



typically on the order of 100 mm Hg. The normal direc- 
tion of blood flow in vessel 17 is indicated by the arrow 

Prior to removal of catheter 15, a sealant is prepared. 
The sealant comprises two separate solutions princi- 5 
pally of fibrinogen and thrombin, respectively. These 
compounds may be obtained from conventionally pre- 
viously prepared forms (cryoprecipitated or chemically 
precipitated), derived from donor blood, prior to surgi- 
cal procedure. Alternatively, these compounds may 10 
comprise pure sources of fibrinogen wherein cryo- 
precipitated fibrinogen contains other blood products as 
well. Using "pure" preparations one is able to achieve 
high concentrations of fibrinogen. When combined, the 
two agents react in a manner similar to the final stages 15 
of the natural blood clotting process to form a fibrin 
matrix. Thrombin, a proteolytic enzyme cleaves fibrino- 
gen, a globular protein, into a fibrin monomer and two 
peptides, fibrinopeptides A and B. These fibrinopep- 
tides act to exert an anticoagulant and vasoconstrictive 20 
action on the sealant and exterior of vessel 17, respec- 
tively. The fibrin monomer spontaneously polymerizes 
to form a fibrimnatrix that adheres to the puncture site 
25 and the surrounding tissue 23, to prevent leakage of 
blood from vessel 17. The details of the particular com- 
position and properties of the sealant will be discussed 

When the surgical procedure is concluded, catheter 
17 is removed and the occlusive pressure is released 3Q 
briefly, as indicated in FIG. 2. A preferred duration is 
1-2 seconds. A small amount of leakage from puncture 
site 25 into surrounding tissue 23 accompanies the re- 
lease of the pressure. However, only enough leakage to 
sufficiently cover the area in the immediate vicinity of 35 
the puncture is desired. 

The occlusive pressure is then re-applied, and the 
sealant 29 is introduced (FIG. 3) into delivery catheter 
19, utilizing a combination syringe apparatus, the details 
of which are described with relation to FIGS. 7-10. 40 
Blood vessel 17 is shown slightly constricted, as may 
arise through the action of certain vasoconstrictor addi- 
tives, such as epinephrine, which may be included, as 
desired, into the sealant mix, as described hereafter. By 
the time that the mixed solutions have entered delivery 45 
catheter 19, the thrombin and fibrinogen will have al- 
ready begun to react, and will have formed a viscous 
gel or slurry. As the sealant is injected into delivery 
catheter 19, the back pressure sensed by the combina- 
tion syringe apparatus is continuously monitored, so as 50 
to assure an even and uniform delivery of sealant 29 to 
the vicinity of puncture site 25. A rapid increase in the 
back pressure will signify the transition of sealant 29 
from its liquid phase to a gel, as the fibrinogen and 
thrombin react to one another. As a practical matter, 55 
due to the increasing viscosity of the sealant material as 
it travels down delivery catheter 19, toward puncture 
site 25, there is little significant danger of entry of seal- 
ant 29 into blood vessel 17 through puncture site 25, 
particularly so long as the back pressure is monitored, 60 
and does not rise above 80 mm Hg. The temporary 
release of occlusive pressure, typically 1-2 seconds, 
permitting a slight leakage of blood from the vessel into 
the tissue proximate the puncture site provides an addi- 
tional safety factor in that any component solutions 65 
which have not fully reacted prior to reaching the end 
of delivery catheter 19 will gel upon contact with the 
leaked blood. 
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After a sufficient volume of sealant 29, preferably an 
amount of 5-20 cc, has been delivered through delivery 
catheter 19, delivery catheter 19 may be withdrawn, 
while occlusive pressure on vessel 17 is maintained, in 
order to enable sealant 29 to set. Alternatively, in order 
to facilitate the closure of puncture site 25, as well as the 
attachment and fixing of some of sealant 29 to the exte- 
rior of puncture site 25 in vessel 17, a small, liquid-filled 
balloon 31 may be inserted into delivery catheter 19 and 
positioned into tissue 23, above puncture site 25. See. 
FIGS. 4 and 5. Once in place, balloon 31 may be in- 
flated, and will exert a degree of compression upon 
vessel 17 at puncture site 25. This compression may be 
maintained for an optimal period of 5-8 minutes, though 
the pressure may be applied for somewhat longer or 
shorter periods, if desired or necessary. 

After the appropriate periods of application of pres- 
sure via balloon 31 has elapsed (if balloon 31 has been 
employed), delivery catheter 19 is withdrawn, and the 
insertion site appropriately closed, manual compression 
is maintained for 1-8 minutes, to achieve a complete 
seal of the puncture site. A matrix 33 will form around 
puncture site 25, forming an effective seal around the 
puncture, which will substantially prevent leakage from 
vessel 17 into surrounding tissue 23, while the natural 
process of self-repair of vessel 17 takes place. Clot 33 
will be absorbed by the body gradually, over a period of 
up to four months. 

FIGS. 7-10 disclose various features of several em- 
bodiments of combination syringe apparatus contem- 
plated for use in the present method of hemostasis. In 
FIG. 7 a combination (or gang) syringe apparatus 35 
may be fabricated as connectable to delivery catheter 
19. Syringe apparatus 35 may include a housing 37, in 
which are provided two chambers 39 and 41. Chambers 
39 and 41 may be configured for receipt of separate 
syringe cartridges (not shown) in which the separate 
thrombin and fibrinogen solutions will be contained. 
The thrombin and fibrinogen cartridges may be de- 
pressed simultaneously by jointly connected plungers. 
The two solutions will be mixed in a mixing chamber 
43, and thereafter proceed outward through delivery 
catheter 19. During the delivery procedure, the back 
pressure in syringe apparatus 35 and delivery catheter 
19 is continually monitored at pressure sensing valve 45, 
which may be of known configuration. 

An alternative configuration is shown in FIGS. 8a 
and 8b in which separate syringe housings 47 and 49 are 
provided, which are simultaneously driven by com- 
bined plunger 51. The two solutions are mixed in mixing 
chamber 53, at which position pressure sensor 55 is also 
situated. From mixing chamber 53, the combined solu- 
tions proceed onto delivery catheter 19, as previously 
described. 

Regardless of the configuration of the syringe appara- 
tus, the proper delivery of the rapidly solidifying gel at 
the puncture site is of great importance. Accordingly, 
the extreme tip 57 of delivery catheter 19, which is 
shown in enlarged schematic detail in FIG. 9, is pro- 
vided with a plurality of side apertures 59 as well as end 
aperture 61, to ensure that the sealant gel is spread 
around the puncture site, and to assure that the gel does 
not leave the delivery catheter 19 in a focused high 
pressure stream, which could have an undesirable im- 
pact upon the puncture site. 

While FIGS. 1-7 illustrate the application of the 
sealant through delivery catheter 19 inserted in a man- 
ner providing direct access to the puncture site, it is 



deemed within the scope of the present ii 
utilize a delivery catheter which penetrates the patient's 
skin at- a site remote from the original insertion site, 
albeit necessitating that a separate hole be made into the 
skin through which the delivery catheter may be in- 5 
serted. 

A further version of the combined syringe apparatus 
is shown in FIG. 10, which has a configuration similar 
to that of FIG. 7, in that a common housing 63 is pro- 
vided which receives separate syringe cartridges 65 and io 
67, holding the two solutions. The plungers 69 and 71 
are simultaneously propelled by a gang plunger 73 
which receives the ends of the separate plungers 69 and 
71. Mixing of the solutions occurs in chamber 75. 

The performance (i.e., coagulation time) obtained 15 
through the foregoing method varies with the relative 
concentrations of fibrinogen and thrombin in the solu- 
tions. 

For fibrinogen, the following concentrations and 
times have been observed: 2 0 



:oagulation time (sees 
60 plus/minus 3 
55 plus/minus 2 
20 plus/minus 1 
19 plus/minus 2 

19 plus/minus 2 

20 plus/minus 2 
20 plus/minus 3 
19 plus/minus 2 



For thrombin, the concentrations and coagulations 
times are as follows: 



of previously prepared (as through cryoprecipitation or 
chemical precipitation) fibrinogen, in contrast to pure 
sources of Thrombin and Fibrinogen, may affect the 
reabsorption rates, but without affecting the effective- 
ness of the matrix formation and puncture sealing. 
Omission of these compounds does not affect the per- 
formance of the matrix, aside from not accelerating the 
rate of reabsorption of the matrix. 

The effect of fibrinolytics and antifibrinolytics upon 
lysis of the sealant as experienced from six studies per 
group, data mean±SD, are as set forth in the following 
chart: 




Coagulation time (sees.) 



50 plus/minus 5 
20 plus/minus 2 

19 plus/minus 3 

20 plus/minus 3 



Fibrinogen & thrombin 
Standard cryoprecipitated 
Fibrinogen & thrombin & 
epsilon amino caproic acid 10 _ 
amino hexanoic acid 10~ 2 M 



According to current observations, it can be seen that 
once optimal concentrations of approximately 2.0-15 50 
mg/ml of fibrinogen and 10-500 International Units/ml 
of thrombin have be obtained, the coagulation times are 
relatively constant at approximately 18-20 seconds. 

It may be desirable to add additional compounds to 
the solutions, in order to achieve specific effects. For 55 
example, calcium may be added (in concentrations of 
approximately 1-5 mmol/1) to Fibrinogen or Thrombin 
reagent, or Factor XIII (in concentrations of 20-50 
ju.g/ml) may be added to Fibrinogen or Thrombin rea- 
gent to increase the strength of the sealant matrix. Addi- 60 
tion of these materials does not appear to affect the 
coagulation time. 

Other compounds may be added to prevent or slow 
the breakdown of the fibrin matrix by the body, after 
formation. Such compounds may include epsilon ami- 65 
nocaproic acid (concentrations of 0.1-0.001M) , amino- 
hexanoic acid (0.1-0.001M) , aprotinin (10,000-40,000 
International Units), or combinations thereof. The use 



Other compounds may also be included in the sealant 
solutions, such as epinephrine, as previously described 
or antibiotics to prevent or treat infection, such as 
cefazolin sodium in 50-100 milligrams dosage. 

This method and accompanying apparatus may be 
used in a variety of procedures, including endoscopic 
and orthopedic surgery, cardiovascular surgery, and so 
on. An additional benefit from the use of the above- 
described procedure becomes evident during its use in 
cardiovascular procedures. During such procedures, 
the patient is dosed with anticoagulants, such as hepa- 
rin, aspirin or Coumadin, which may effectively neutral- 
ize the patient's hemostatic system. It has been observed 
that the required times for manual compression of the 
puncture site, after removal of the delivery catheter, are 
not significantly extended in the presence of such com- 
pounds in the patient's system, with compression times 
of only up to 8 minutes being required. 

The length of compression time varies according to 
the size of the puncture, which in turn varies according 
to the diameter of the catheter used during the surgical 
procedure. It has been observed that catheter diameters 
of 7F required a compression time of 1-4 minutes, while 
punctures caused by catheters of up to 9F require com- 
pression of from 5-10 minutes where blood has been 
anticoagulated with heparin or Coumadin. 

Such compression times are believed to be a signifi- 
cant improvement over the times required when other 
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methods of hemostasis are employed, particularly when that the balloon apparatus presses against the gel, 

the patient has been dosed with anticoagulants, such as and in turn the blood vessel, to prompt closure of 

heparin: For example, manual compression alone has the puncture site; and 

been observed to require from approximately 30 to 65 deflating and removing the balloon apparatus prior to 

minutes, the Kensey hemostat has required from ap- 5 final solidification of the gel. 

proximately 20 to 28 minutes of compression, and the 3. The method for sealing the wall of a blood vessel 

collagen plug method has required from 18 to 25 tnin- having a puncture site therein according to claim 1, 

utes of compression. wherein a sufficient amount of fibrinogen is used, to 

The foregoing description and drawings merely ex- obtain a concentration of fibrinogen in the matrix, of 

plain and illustrate the invention and the invention is not 10 approximately 2.0-15.0 mg/ml. 

limited thereto except insofar as the appended claims 4. The method for sealing the wall of a blood vessel 

are so limited, as those skilled in the art who have the having a puncture site therein according to claim 1, 

disclosure before them will be able to make modifica- wherein a sufficient amount of thrombin is used, to 

tions and variations therein without departing from the obtain a concentration of thrombin in the matrix', of 

scope of the invention. 15 approximately 10-500 International Units/ml. 

What is claimed is: 5. The method for sealing the wall of a blood vessel 

1. A method for sealing a puncture site in the wall of having a puncture site therein according to claim 1, 
a blood vessel, the puncture site having been created wherein calcium is added to one or more of the throm- 
accidentally, or intentionally during an endovascular or bin and fibrinogen solutions. 

surgical procedure, wherein a substantially tubular per- 20 6. The method for sealing the wall of a blood vessel 

cutaneous delivery device is positioned adjacent a having a puncture site therein according to claim 5, 

blood vessel puncture site without penetrating the ves- wherein calcium is added to one or more of the throm- 

sel, the method comprising the steps of: bin and fibrinogen solutions in concentrations of ap- 

preparing a supply of a first solution containing fi- proximately 1-5 mmol/1. 

brinogen; 25 7. The method for accomplishing hemostasis and 

placing said fibrinogen-containing solution in a first sealing of a blood vessel according to claim 1, wherein 

syringe apparatus; Factor XIII is added to one or more of the thrombin 

preparing a supply of a second solution containing and fibrinogen solutions. 

thrombin; 8. The method for accomplishing hemostasis and 

placing said thrombin-containing solution in a second 30 sealing of a blood vessel according to claim 7, wherein 

syringe apparatus; Factor XIII is added to one or more of the thrombin 

applying occlusive compression to the blood vessel at and fibrinogen solutions in concentrations of approxi- 

a position upstream of the puncture site; mately 20-50 jig/ml. 

releasing the occlusive compression for a brief period 9. The method for sealing the wall of a blood vessel 

of time to enable the puncture site to release an 35 having a puncture site therein according to claim 1, 

amount of blood into the tissue surrounding the wherein one or more of the following compounds is 

puncture site, sufficient to surround the immediate added to one or more of the thrombin and fibrinogen 

vicinity of the puncture site, and thereafter reap- solutions: epsilon aminocaproic acid, aminohexanoic 

plying the occlusive compression to stop release of acid, aprotinin. 

blood from the puncture site; 40 10. The method for sealing the wall of a blood vessel 

connecting the first and second syringe apparatus in having a puncture site therein according to claim 9, 

simultaneous fluid communication with a mixing wherein said epsilon aminocaproic acid is in concentra- 

region and thereafter the delivery device so as to tions of approximately 0.1-0.001M. 

enable mixing of the fibrinogen and thrombin solu- 11. The method for sealing the wall of a blood vessel 

tions prior to delivery to the puncture site; 45 having a puncture site therein according to claim 9, 

actuating the first and second syringe apparatus so as wherein said aminohexanic acid is in concentrations of 

to substantially simultaneously introduce the fi- approximately 0.1-0.001M. 

brinogen- and thrombin-containing solutions into 12. The method for sealing the wall of a blood vessel 

the mixing region to form a gel and thereafter into having a puncture site therein according to claim 9, 

the delivery device, and into the tissue of the pa- 50 wherein said aprotinin is in concentrations of approxi- 

tient adjacent to the puncture site but not into the mately 10,000-40,000 International Units, 

blood vessel, so as to enable the gel to thereafter 13. The method for sealing the wall of a blood vessel 

substantially solidify around the puncture site and having a puncture site therein according to claim 1, 

seal the puncture site against further release of further including the step of monitoring the pressure 

Mood. 55 within said delivery device wherein an increase in pres- 

2. The method for sealing the wall of a blood vessel sure serves as an indication that said solutions transition 
having a puncture site therein according to claim 1, from a liquid to a gel and further to insure that said 
further including the steps of: pressure attributable to said syringe apparatus does not 

disconnecting said first and second syringe apparatus exceed the pressure within the vessel being sealed 

from the delivery device after introducing the solu- 60 thereby preventing penetration of said gel into said 

tions which will form a gel into the tissue adjacent vessel interior. 

the puncture site; 14. The method for sealing the wall of a blood vessel 

introducing a deflated, liquid-filled balloon apparatus having a puncture site therein according to claim 1, 

into and through the delivery device; wherein a vascular constrictor is added to one or more 

positioning the balloon apparatus into the tissue 65 of the thrombin and fibrinogen solutions. 

above the puncture site; 15. The method for sealing the wall of a blood vessel 

inflating the balloon apparatus prior to solidification having a puncture site therein according to claim 14, 

of the gel formed from the mixed solutions such wherein said vascular constrictor comprises epineph- 



rine which temporarily causes the vessel at the puncture 
site to constrict thereby serving to facilitate sealing of 
the puncture site. 

16. A method for sealing a puncture site in the wall of 

a blood vessel, the puncture site having been created 5 
accidentally, or intentially during an endovascular or 
surgical procedure, wherein a substantially tubular per- 
cutaneous delivery device is positioned adjacent and 
external to a blood vessel puncture site, the method 
comprising the steps of: 10 
mixing a first solution containing fibrinogen with a 

second solution containing thrombin; 
allowing said mixture to interact forming a gel; 
applying occlusive compression to the blood vessel at 

a position upstream of the puncture site; 15 
releasing the occlusive compression for a brief period 
of time to enable the puncture site to release an 
amount of blood into the tissue surrounding the 
puncture site, sufficient to surround the immediate 
vicinity of the puncture site, and thereafter reap- 20 
plying the occlusive compression to stop release of 
blood from the puncture site; 
delivering said gel mixture of fibrinogen and throm- 
bin to the tissue of the patient adjacent to the punc- 
ture site but not into the blood vessel, so as to en- 25 
able the gel mixture to thereafter substantially so- 
lidify around the puncture site and seal the punc- 
ture site against further release of blood. 

17. A method for sealing a puncture site in the wall of 

a blood vessel, the puncture site having been created 30 
accidentally, or intentionally during an endovascular or 
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surgical procedure, wherein a substantially tubular per- 
cutaneous delivery device is positioned adjacent a 
blood vessel puncture site without penetrating the ves- 
sel, the method comprising the steps of: 
preparing a supply of a first solution containing fi- 
brinogen; 

placing said fibrinogen-containing solution in a first 

syringe apparatus; 
preparing a supply of a second solution containing 

thrombin; 

placing said thrombin-containing solution in a second 
syringe apparatus; 

applying occlusive compression to the blood vessel at 
a position upstream of the puncture site; 

connecting the first and second syringe apparatus in 
simultaneous fluid communication with a mixing 
region and thereafter the delivery device so as to 
enable mixing of the fibrinogen and thrombin solu- 
tions prior to delivery to the puncture site; 

actuating the first and second syringe apparatus so as 
to substantially simultaneously introduce the fi- 
brinogen- and thrombin-containing solutions into 
the mixing region to form a gel and thereafter into 
the delivery device, and into the tissue of the pa- 
tient adjacent to the puncture site but not into the 
blood vessel, so as to enable the gel to thereafter 
substantially solidify around the puncture site and 
seal the puncture site against further release of 
blood. 
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